population or reflect methodological limitations (eg, assessment of stress) is unknown. Chronic stressors often cluster, and the specific source(s) of stress may be less important than overall perceived stress level. 2, 9, 10 Furthermore, most earlier studies have examined the association of stress assessed at a single occasion with incident hypertension, even though exposure to stressful events and circumstances can change over time. High levels of chronic stress over time are more likely than transient stress to contribute to sustained behavioral and physiological changes that increase hypertension risk. 11, 12 It is also possible that there are sex differences in the effects of chronic stress on hypertension. In a previous cross-sectional study of the JHS, higher stress was associated with a higher prevalence of hypertension, diabetes mellitus, and obesity in women, but not in men. 13 Several prospective studies have also demonstrated stronger effects of stress on blood pressure (BP) and incident hypertension among women. [14] [15] [16] Given the disproportionately high burden of hypertension in blacks, 17, 18 determining whether chronic stress increases the risk of hypertension onset in this population is an important question that could inform nonpharmacological prevention strategies. 19 We tested the association between chronic stress and incident hypertension using annual assessments of perceived stress over up to 13 years in the JHS, a community-based cohort of blacks. We hypothesized that higher perceived stress over time (ie, chronic stress) would be associated with increased risk of incident hypertension, independent of baseline level of perceived stress. Moreover, given past evidence of sex differences in the experience and effects of stress, 1, [14] [15] [16] 20 we conducted secondary analyses to explore whether the association between chronic stress and incident hypertension was stronger in women than in men.
Methods
The data, analytical methods, and study materials can be made available to other researchers for purposes of reproducing the results or replicating the procedure by following the JHS publications procedures and data-use agreements found at: https:// www.jacksonheartstudy.org/Research/Study-Data/Data-Access.
Study Population
The JHS is a cohort study designed to investigate the causes of cardiovascular disease in a community-based sample of blacks. Details of the study design, recruitment approach, data collection, and measures have been previously published. [21] [22] [23] Briefly, 5306 noninstitutionalized black adults aged ≥21 years were enrolled from the Jackson, Mississippi metropolitan tricounty area (Hinds, Madison, and Rankin counties) between 2000 and 2004 (Exam 1). Follow-up visits were conducted between 2005 and 2008 (Exam 2) and between 2009 and 2012 (Exam 3). The current analysis included JHS participants with systolic BP (SBP)<140 mm Hg and diastolic BP (DBP)<90 mm Hg who were not taking antihypertensive medications at Exam 1 (n=2308). Participants who were missing medication and BP data at follow-up were excluded (n=321), as were participants with <2 annual follow-up assessments of stress between exams (n=158), because their chronic stress exposure could not be defined. After applying these exclusion criteria, the analytical sample was 1829 participants. The JHS was approved by the institutional review boards of the participating institutions: University of Mississippi Medical Center, Jackson State University, and Tougaloo College. All participants provided written informed consent. Figure shows the study design and timing of measurements.
Data Collection
Data were collected during an in-home interview and clinic examination at each study visit and at annual telephone Office BP, medicaƟons Weekly Stress Inventory Global Perceived Stress Scale
Exam 2
Office BP, medicaƟons
Exam 3
Annual Follow-Up assessments
Single-item raƟngs of perceived stress (used to define chronic stress categories), depressed mood, anxiety 
Clinical Perspective
What Is New?
• In a community-based cohort of blacks, high perceived stress over time was associated with a significantly higher risk of incident hypertension compared with sustained low stress. • This association was independent of demographic factors, clinical risk factors, lifestyle behaviors, and baseline stress levels.
What Are the Clinical Implications?
• Studies are needed to determine whether stress management may be an effective approach to preventing hypertension in blacks.
follow-up assessments between visits. Trained research staff measured height, weight, and BP, collected blood and urine samples, and administered questionnaires to collect data on sociodemographic factors, medical history, medication use, health behaviors, and psychosocial factors.
BP measurement
Clinic BP was measured at each exam following a standardized protocol. Specifically, after participants had rested for at least 5 minutes, trained staff performed 2 BP measurements, 1 minute apart, in the participant's right arm. The appropriate cuff size was determined from an arm circumference measurement. The 2 clinic BP measurements were averaged for analysis. Quality-control procedures conducted by the JHS Coordinating Center included monitoring digit preference, comparing mean BP measurements within and between technicians, and technician recertification every 6 months. A random-zero sphygmomanometer (Hawksley and Sons, Ltd, London, UK) was used at Exams 1 and 2, and a semiautomatic oscillometric device (Omron HEM-907XL; Omron Healthcare, Inc, Lake Forest, IL) was used at Exams 2 and 3. A BP comparability substudy was performed in 2115 participants who had their BP measured simultaneously with a random-zero sphygmomanometer and the oscillometric device using a Y-connector at Exam 2. As previously described, random-zero BP measurements were calibrated to the semiautomated device using robust regression, and calibrated data were used in these cases. 24 Clinic BP from the semiautomated device was used when available.
Incident hypertension was defined as the first follow-up exam at which a participant had any of the following: SBP≥140 mm Hg, DBP≥90 mm Hg, or reported use of antihypertensive medication. 25 Current antihypertensive medication use was defined as self-reported use of antihypertensive medication in the 2 weeks preceding the exam. We did not use the BP threshold of SBP≥130 mm Hg or DBP≥80 mm Hg to define high BP, as recommended in the 2017 American College of Cardiology/American Heart Association BP guideline, 26 given that these lower BP thresholds were not routinely recommended between 2000 and 2012 when the 3 JHS exams were conducted.
Chronic stress exposure
A longitudinal measure of chronic stress exposure was derived from responses to a single-item measure of overall perceived stress administered during each annual follow-up (AFU) assessment. The question asks: "How much stress have you experienced over the past year?" Respondents answered on a 6-point Likert scale with the following options: "None," "Very little," "Mild stress," "Moderate stress," "A lot of stress," or "Extreme stress." Ratings from "None" to "Moderate" were coded as low perceived stress, and ratings of "A lot" or "Extreme" were coded as high perceived stress. This item is similar to a previously validated single-item measure of stress experienced over the past year. 27 The number of AFU assessments in an interval at risk of incident hypertension (ie, between Exams 1 and 2, between Exams 2 and 3, and between Exams 1 and 3 for participants missing Exam 2 data) in which participants reported high perceived stress was used to define 3 categories of chronic stress (ie, high perceived stress over time): (1) low chronic stress (0 AFU assessments with high perceived stress ratings); (2) moderate chronic stress (1 AFU assessment with high perceived stress ratings); and (3) high chronic stress (≥2 AFU assessments with high perceived stress ratings). The mean number of perceived stress ratings per interval was 3.25 (SD=0.99).
Baseline stress
The single-item measure of stress used to define chronic stress was not administered at the JHS baseline exam, so we used 2 other measures to adjust for baseline stress in our analyses. The Weekly Stress Inventory (WSI) is a validated 87item checklist of minor stressors occurring in multiple life domains (eg, work, family, and finances). 28 Participants indicated whether or not each event occurred during the previous week, and the number of stressful events was summed to create a score ranging from 0 to 87 (a=0.98). The Global Perceived Stress Scale (GPSS) is an 8-item measure developed for the JHS that assesses domain-specific stressors experienced over the previous 12 months: job, relationships, neighborhood, caregiving, legal, medical, racism and discrimination, and meeting basic needs. 27 Scores range from 0 to 24, with higher scores indicating greater levels of stress. Because the WSI was associated with BP progression in a previous study of the JHS, 6 this measure of baseline stress was selected as a covariate in the primary analysis. To examine whether results were sensitive to the definition of baseline stress, we replaced the WSI with the GPSS in a sensitivity analysis.
Depressed mood and anxiety over time
Longitudinal measures of depressed mood and anxiety were derived from the annual follow-up items: "How often have you felt sad or depressed over the past year?" and "How often have you felt nervous or tense over the past year?" Respondents answered on a 6-point Likert scale with the following options: "Almost never," "Seldom," "Sometimes," "Often," "Very often," or "Constantly." Following the approach used for perceived stress, the 4 lowest ratings (ie, from "Almost never" to "Often") were coded as low depressed mood or low anxiety and the 2 highest ratings (ie, "Very often," "Constantly") were coded as high depressed mood or high anxiety. The percentage of AFU assessments in which participants reported high levels of depressed mood and high anxiety, respectively, in an interval at risk of incident hypertension were calculated and included in a sensitivity analysis.
Covariates
Additional covariates were selected based on known associations with incident hypertension and included age, sex, education (less than high school versus high school or greater), marital status (married versus unmarried), parental history of hypertension, baseline SBP, baseline DBP, baseline body mass index, diabetes mellitus, reduced estimated glomerular filtration rate (eGFR), smoking, alcohol use, physical activity, and diet. Diabetes mellitus was defined by self-report of taking diabetes mellitus medication or fasting glucose ≥126 mg/dL or glycated hemoglobin≥6.5%. Reduced eGFR was defined as <60 mL/min/1.73 m 2 . Current smoking was defined as having smoked at least 400 cigarettes in one's lifetime and self-report of currently smoking. 29 Alcohol consumption was defined as: "none" being 0 alcoholic beverages per week, "moderate" consumption being 1 to 14 and 1 to 7 alcoholic beverages per week for men and women, respectively, and "heavy" consumption being >14 and >7 alcoholic beverages per week for men and women, respectively. 30 Physical activity was assessed using a modified Baecke questionnaire that was validated in the JHS and provided number of minutes per week of moderate or vigorous exercise. 31 Diet was assessed using a 158-item food frequency questionnaire that was validated in the JHS. 32 Physical activity and diet were coded as poor, intermediate, or ideal based on the American Heart Association's Life's Simple 7 guidelines. 33, 34 
Statistical Analysis
Baseline characteristics of the sample were calculated overall and stratified by incident hypertension status. The association of chronic stress exposure during each interval at risk and incident hypertension at the following exam was determined. Specifically, perceived stress ratings from AFU assessments between Exams 1 and 2 were used to predict incident hypertension at Exam 2. Perceived stress ratings from AFU assessments between Exams 2 and 3 were used to predict incident hypertension at Exam 3 among participants who did not develop hypertension by Exam 2. For participants missing Exam 2 data, AFU assessments between Exams 1 and 3 were used to predict incident hypertension at Exam 3. The association between chronic perceived stress category and incident hypertension was then tested using repeatedmeasures generalized estimating equations with a Poisson distribution. 35 As recommended for Poisson regressions with binary outcome data, a robust covariance matrix was specified. 36 Interval-censored cox regression was not used because measurement of the exposure (longitudinally assessed stress) would overlap with the outcome. We calculated risk ratios (RRs) for incident hypertension associated with chronic perceived stress exposure (moderate versus low, high versus low) adjusting for age, sex, and years between exams (model 1). Subsequent models (models 2-4) included progressive adjustment for other demographics and hypertension risk factors (education, marital status, parental history of hypertension, baseline SBP, baseline DBP, body mass index, diabetes mellitus, and reduced eGFR), baseline stress (WSI), and behavioral factors that are in the hypothesized causal pathway between stress and hypertension (smoking, alcohol use, physical activity, and diet). Missing values of covariates were imputed using multiple imputation with full conditional specification. To test the hypothesis that the association of high perceived stress over time with incident hypertension would be stronger in women than men, we examined the chronic stress category9sex interaction. We also examined effects of chronic perceived stress on incident hypertension stratified by sex.
Sensitivity analyses
To examine whether the association between high perceived stress over time and incident hypertension was sensitive to the definition of baseline stress, we performed a sensitivity analysis in which the GPSS replaced the WSI as a covariate in model 3. A second sensitivity analysis was performed in which the percentage of AFU assessments with high depressed mood and high anxious mood were included as covariates to determine whether the effect of chronic stress was independent of these related psychosocial factors. [37] [38] [39] [40] A third sensitivity analysis was performed to examine whether results were influenced by the definition of the chronic stress variable developed from AFU ratings. We revised the variable as follows using a higher threshold to define the high chronic stress category: low chronic stress (0 AFU ratings of high perceived stress in a follow-up interval); moderate chronic stress (1-2 AFU ratings of high perceived stress); and high chronic stress (≥3 AFU ratings of high perceived stress). This approach required participants to have ≥3 AFU stress ratings in an interval at risk of hypertension, which reduced the sample size to 1423 participants who contributed 1875 intervals in this sensitivity analysis. A final sensitivity analysis was performed in which incident hypertension was defined by initiation of antihypertensive medication use only, regardless of BP level, to address the limitation of definining incident hypertension based on BP measurements from a single visit.
P<0.05 were considered statistically significant. Analyses were conducted using SPSS software (v24; IBM Corp, Armonk, NY).
Results

Participant Characteristics
Sample characteristics are shown in Table 1 . Mean (AESD) age was 49.3AE11.9 years, and 40.0% of participants were male. Average baseline SBP and DBP were 118.6AE10.6 and 73.9AE7.3 mm Hg, respectively. Participants who developed versus did not develop incident hypertension were older, less likely to have a high school education, had higher baseline SBP, DBP, and body mass index, and were more likely to have diabetes mellitus and reduced eGFR. They were also more likely to be current smokers, not use alcohol, and had lower physical activity levels. Baseline stress level did not differ significantly between those who did versus did not develop hypertension (35.93AE23.52 versus 36.28AE23.15; P=0.785). Compared with participants included in the analysis sample, the 479 participants who were free of hypertension at baseline, but excluded because of missing exposure or followup data, had lower education, were less likely to be married, were more likely to have diabetes mellitus and reduced eGFR, were more likely to be smokers, and had lower levels of physical activity (Table S1 ). The 2 groups did not differ significantly on baseline BP or baseline stress levels.
The 1829 participants in the analytical sample contributed data to 2711 intervals at risk of incident hypertension. Specifically, 1744 participants had sufficient data to define chronic perceived stress for the first analysis interval (Exams 1-2 or Exams 1-3 if Exam 2 was missed). In addition, 967 participants who did not develop hypertension by Exam 2 contributed data to the second analysis interval (Exams 2-3). Of the 2711 intervals at risk of hypertension, 1704 (62.9%) were classified as low chronic stress, 512 (18.9%) moderate chronic stress, and 495 (18.3%) high chronic stress. Older age, female sex, higher body mass index, lower baseline SBP, parental history of hypertension, being unmarried, current smoking status, and higher baseline stress were each associated with higher categories of chronic perceived stress (Ps<0.01).
Chronic Perceived Stress and Incident Hypertension
Over a median follow-up of 7.0 years, 887 (48.5%) participants developed incident hypertension (587 at Exam 2 and 300 at Exam 3). As shown in Stress by sex interaction was not statistically significant in unadjusted (P=0.782) or fully adjusted models (P=0.695). In analyses stratified by sex (Table 3) , higher levels of chronic stress were associated with a higher risk of incident hypertension in both groups, but the association was statistically significant in women and not in men in fully adjusted models (model 4). The adjusted RRs (Model 4) associated with moderate and high chronic stress compared with low chronic stress among women were 1.19 (95% CI, 1.01-1.39) and 1.25 (95% CI, 1.08-1.46), respectively (P trend=0.002). Among men, the adjusted RRs (model 4) associated with moderate and high chronic stress compared with low chronic stress were 1.12 (95% CI, 0.89-1.41) and 1.17 (95% CI, 0.91-1.51), respectively (P trend=0.172).
In a sensitivity analysis in which we replaced the WSI with the GPSS to adjust for baseline stress, the chronic stress category remained associated with incident hypertension (P trend=0.006; model 4). In a second sensitivity analysis, the association between chronic stress category and incident hypertension remained statistically significant after adjustment for depressed mood and anxiety over time (Table S2 ). In a third sensitivity analysis using a higher threshold to define high chronic stress in a subset of participants (n=1423), chronic stress was associated with incident hypertension after adjustment for demographics, hypertension risk factors, and baseline stress in model 3 (P=0.029), but became marginally significant after adjustment for behavioral factors in model 4 (P=0.056; Table S3 ).
To address the limitation of obtaining BP measurements at a single visit for each study exam, we examined the proportion of participants who were classified as having incident hypertension based on BP alone versus antihypertensive medication use. Of the 587 participants who developed hypertension at Exam 2, 430 (73.3%) were taking antihypertensive medication and 157 (26.7%) had elevated BP, but were not taking antihypertensive medication. Of the latter group who completed Exam 3 (n=132), 108 (81.8%) continued to meet criteria for hypertension at Exam 3. In a sensitivity analysis in which incident hypertension was defined by initiation of antihypertensive medication use alone, results were virtually unchanged and remained statistically significant in all 4 models (model 4: moderate versus low, RR=1.28, 95% CI, 1.10-1.48; high versus low, RR=1.22, 95% CI, 1.03-1.43; P trend=0.004). 
Discussion
In this community-based cohort of blacks, moderate and high perceived stress over time were associated with a 15% and 22% increased risk of developing hypertension over a median of 7 years, respectively, compared with sustained low perceived stress. The association was independent of traditional sociodemographic and hypertension risk factors, health behaviors, and baseline stress level. The effect of chronic perceived stress was also independent of depressed mood and anxiety over time. This finding is notable given that earlier studies did not adjust for these related psychosocial factors, which may have resulted in overestimation of the effect of stress. 37, 38 Overall, the present findings suggest that among blacks, higher perceived stress over time independently contributes to hypertension onset. A recent study of the JHS found that baseline stress was associated with BP progression (increase by 1 BP stage as defined by JNC7) through Exam 2, but not with incident hypertension or with changes in BP. 6 A strength of the current study is the use of annual assessments of stress, which allows identification of those exposed to high chronic stress over time. Acute stress is known to affect BP, and this sympathetic nervous system reactivity is 1 mechanism underlying the association between stress and hypertension. 12, 41 However, short-term or mild levels of stress are unlikely to have sustained effects on behavioral and pathophysiological processes that contribute to the development of hypertension. 11, 12 In the present study, higher baseline stress was associated with more-frequent reports of high stress over time, but baseline stress was not significantly different in participants who did and did not develop hypertension. Our findings support the hypothesis that determining chronic stress exposure over time identifies individuals at higher risk of developing hypertension.
These findings are consistent with earlier studies that demonstrated associations between sustained or increasing stress levels over time and incident hypertension. 15, 39, [42] [43] [44] In the CARDIA (Coronary Artery Risk Development in Young Adults) study, increasing job strain over time and both baseline and continued financial hardship were associated with an increased risk of incident hypertension among young adults. 42, 44 The CARDIA study included black and white participants, but race-stratified results were not reported. Other studies that have tested longitudinal measures of stress and distress included few blacks. 39, 43 The present study extends earlier findings by demonstrating that chronic stress over time was associated with incident hypertension among middle-aged blacks. Furthermore, these findings suggest the importance of overall perceived stress levels, which reflect the cumulative burden of multiple stress exposures (eg, job, financial, and discrimination).
In stratified analyses, there was an association between higher levels of chronic stress and incident hypertension in both women and men, but after multivariable adjustment the association was statistically significant only in women. Although these findings should be interpreted cautiously given that the stress9sex interaction was not statistically significant, the possibility that women may be more vulnerable to the effects of chronic stress is in line with previous research. In an earlier cross-sectional study of the JHS, higher stress was associated with a higher prevalence of hypertension, diabetes mellitus, and obesity in women, but not in men. 13 Several prospective studies have also demonstrated stronger effects of stress on BP and incident hypertension among women. [14] [15] [16] There are a number of possible explanations for these findings. Women might be exposed to more-stressful events than men, and they may appraise life events as more stressful. 20, 45 Women are also more likely than men to engage in rumination, or persistent negative thinking about stressful experiences, which can prolong adverse emotional and physiological stress responses associated with hypertension. [46] [47] [48] [49] Given increasing recognition of cardiovascular disease risk in black women, further exploration of the possible contribution of stress in this population is warranted. 50 The JHS is 1 of the largest longitudinal cohort studies of blacks, and its design enabled us to examine effects of perceived stress levels reported annually over several years. Despite these strengths, the present findings should be considered in light of several limitations. First, the measure of chronic stress used in this study is derived from single-item ratings of perceived stress and does not characterize the type of stress participants experienced. This measure is conceptually similar to that of the widely used Perceived Stress Scale (Cohen), 9 which captures the cumulative burden of stress from any source and has been associated with cardiovascular disease incidence and outcomes. [51] [52] [53] Although longer, validated measures have advantages, the approach used in the JHS is more feasible for collecting annual assessments of multiple psychosocial domains. This allowed us to distinguish participants with high perceived stress over time from those with high stress at only 1 time point, and to evaluate the effect of chronic perceived stress while controlling for levels of anxiety and depressed mood during the same period of time. Second, because the single-item stress rating was not administered at baseline, we were limited to the measures administered when controlling for baseline stress (ie, WSI and GPSS). These measures were significantly associated with perceived stress over time, but are conceptually distinct in the type of stress being assessed. Third, incident hypertension was identified based on BP measurements taken at a single visit. This approach is common in epidemiological research, but clinical guidelines recommend diagnosing hypertension based on elevated BP at ≥2 visits. 25, 26 This limitation is partly mitigated by the use of a standardized protocol to measure BP. Furthermore, most cases of incident hypertension were identified based on initiation of antihypertensive medication rather than clinic BP level alone, and a sensitivity analysis in which incident hypertension was defined only by medication use showed virtually unchanged results. Fourth, although we controlled for many potential confounders, lifestyle behaviors were assessed by self-report rather than objective measures, and we could not account for changes in behavior over time.
Finally, the results may not be generalizable to black populations beyond the Jackson, Mississippi metropolitan area.
Conclusions
In the current study, higher stress over time was associated with incident hypertension in a community-based sample of blacks. It has been hypothesized that exposure to chronic stress accounts, in part, for disparities in hypertension and cardiovascular disease between blacks and whites, though few studies have directly tested this hypothesis. 2, 5 Some of the chronic stressors that disproportionately affect blacks (eg, discrimination, low socioeconomic status) are difficult to intervene on, 54, 55 but stress appraisals and responses to stressful events and circumstances can be modified. Interventions that teach more-adaptive coping responses may mitigate the adverse cardiovascular effects of chronic stress exposure. For example, fostering mindfulness may buffer stress-related emotional and pathophysiological processes that contribute to the development of hypertension. [56] [57] [58] The results of the current study suggest that it is important to evaluate chronic stress over time, rather than at a single occasion, and to intervene when it is persistent. Identifying effective, culturally sensitive stress management interventions may support primary prevention of hypertension and subsequent cardiovascular disease risk among blacks. of the National Heart, Lung, and Blood Institute; the National Institutes of Health; or the US Department of Health and Human Services. The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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